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Abstract: The charge of fuel air explosive (FAE) warhead is usually a solid-liquid mixed fuel, which con-
tains pores to meet the usage and reservation. This study has investigated the influence of pore size on the
launching safety by analyzing the physical process of the pore compressing. A criterion is proposed to distin-
guish the influence of pore size on charge safety in launching,and a quantitative relationship of the launching

acceleration, the size of the pore and the temperature of pore in adiabatic compression has been established.
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1 Introduction

Fuel air explosive (FAE) weapon has strong explosion power and obvious damage superiority,so
it has been followed with universal interest in many countries. The high FAE fuel usually is solid-
liquid mixed. The mixed fuel must meet not only the demand of the detonative power but also the
demand of weapon properties in use and reserve. One of the properties is to ensure the physical
stability of the solid-liquid mixed fuel charged in the warhead case of weapon in the process of use and
reserve. The solid component in the mixed fuel is aluminum powder. There must be pores in the mixed
fuel to meet the need of physical stability of the mixed fuel. The pore size may not exceed that of the
aluminum powder grain. The pores may be compressed quickly, which can make the temperature
heightened. Therefore the pores in mixed fuel have an important influence on the fuel’s safety in
process of launching warhead.

The former about the charged explosive launching safety studies concentrates primarily in the

[1~25] The solid-liquid mixed fuel is quite different from the solid explosive in the physi-

solid explosive
cal and mechanical properties, so the law about the influence of flaws in the mixed fuel medium on
launching safety can not be explained by the corresponding conclusions of the solid explosive. The lit-

eratures on the investigation of this aspect have not been available now.

2 The Pores’ Adiabatic Compression Caused by the Acceleration of Launching

In process of warhead launching, the propellants push the bottom of the warhead and produce

shock effect to the mixed fuel in the warhead case. The stress wave is produced at the bottom of the
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warhead,it transmits from the bottom to the top in the fuel medium in the warhead case. Under the
action of the stress wave,the pores in fuel medium are compressed. When the pores are compressed,
heat will be produced. The temperature of the medium in the pores is heightened, the transmission of
the stress wave is so instantaneous that the transmission of the heat produced can be ignored. There-
fore the process of the pores being compressed can be considered as an adiabatic process.

The pores in solid-liquid mixed fuel contain both the volatile gas of liquid ingredient and air. When
it is considered as polytropic gases.its specific heat capacity ¢, is a constant. The conservation equation
of the inner energy is

de | dv _ dQ
de T &t de (1

In the equation,e is the inner energy, p the pressure,v the capacity,Q the heat quantity,¢ the time. For

an adiabatic problem.there is dQ/dt=0,then Eq. (1) becomes

de__pd (2)
The state equation of polytropic gases is
pv’ =A (3)
Where ¥ is polytropic index,A is a constant
A= p,vl )

Where p, is the initial pressure,wv, is the initial specific capacity of the medium in the pores. For poly-
tropic gases,obtain from Eq. (2)
c,T=pv/(y—1 (5
Where T is the instantaneous temperature of the compressed medium in the pores. The pores in the
mixed fuel contain the air and the vaporized gas from liquid components. The gas vaporization has
something to do with temperature. The heat capacity of the vaporized gas will be obtained throng the
experiments, which is to be done in the future. That the bore contains only air is considered approxi-
mately in the paper. Supposing the medium in the pores in the mixed fuel is air,c, the heat capacity of
the air, which changes corresponding to the temperature'®’. For T=100~2 500 K, there is ¢, = (0. 74
~1.2Dk]/(kg * K); approximately analyzing, take ¢, =1 kJ/(kg « K). For air, p, = 0.1 MPa,
po=1.25 kg/m’,7=1.4. The temperature of themedium in the pores under different pressures is
available from Eqgs. (3) ~ (5). If the pressure in the pores p =200 MPa, then T=1 754 K. For the
mixed fuel ingredients so high temperature obviously is dangerous, which may cause the charged fuel
explosion. Similarly, Table 1 can be obtained.
According to the definition of the inner en-

Table 1 The temperature of the medium in the pores .
ergy,there is

under different pressure

de de
d:( )dT+( )d:—fd
»/(MPa) T/(K) | p/(MPa) T/(K) c—\ar). gu ) 40T TP
2 470 100 1439 For the incompressible medium, dv = 0, the
4 573 200 1754 above equation becomes
: J
20 908 400 2139 _ € _
de ( T )vdT 0

The inner energy changes corresponding to the temperature,namely (Jde/dT),>0 so dT=0. That is to
say,for the incompressible medium overloading pressure can’t heighten the temperature. So if pores in
the charge are inexistent,the high temperature will not be produced owing to the adiabatic compres-

sion in launching process of warhead. The launching will be safe under this condition.
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3 Overloading Stress and the Rate of the Stress

In the launching process, the warhead is pushed from its back by the pressure in the bore, the
stress wave transmits from the bottom to the top. The load strength in the bottom charge in the war-
head case is maxim,which should be key for launching safety of the charged explosive. On the stress
wave front in the fuel medium in the warhead case, the stress augments along with the time, which can
be expressed by (ds/dz). The stress at some point in the fuel medium in the warhead case will change
along with the time (Fig. 2). If the size of the pores in the fuel medium in the warhead case is small
enough,under the less stress action, pores can be closed. In this process the stress starts from zero to
the some value. The adiabatic compression in the pores can’t bring high temperature,according as the
equation of conversation of momentum. For the stress wave front in the fuel medium, there is

do=pcdug (6)
Where o is the instantaneous stress of the stress wave front,v; the particle velocity of the stress wave
front,p; the initial density of the mixed fuel medium;c; the longitudinal wave velocity of the fuel medi-

um. Eq. (6) may be integrated as

O'r:pr('['Uf (7)
o
Bore pressure Warhead
)i’ 7
N
_ _
0
t
Fig. 1 The launching process Fig. 2 The stress wave of the filling medium
of the warhead in the warhead

Under the action of the stress wave,the pores in the mixed fuel medium shrink gradually,and the
pressure in the pore heightens by degrees. When the pressure in the pore is equal to that on the local
stress wave front,the pore stop shrinking.

As the stress wave transmits in the fuel medium, it will be reflected on the interface between
solid-liquid fuel and gas which is the pore boundary. The pressure in the pores is enlarged by degrees
when they are compressed. Its minimum is the initial pressure. The gas has good condensability,so be-
fore the pore shuts the pressure in the pore attains maximum. The maximum is the local stress wave’s
pressure. The initial pressure is minimum. The pore’s boundary is corresponding to a free surface. The
velocity of the free surface is double the particle velocity of the incidence stress wave. Before the pores
are closed,the pressure is maximal, At this time,the boundary will disappear.and the particle velocity
is equal to the local particle velocity on stress wave front. Therefore in process of pores being closed
the shift velocity of the pore’s boundary changes as the following equation described

v.= (1~ 2)v; €))
Where v, is the shift velocity of pore’s boundary under the action of the stress wave. Suppose the size
of the pores in the fuel medium in the warhead case is /,then the time needed by closing the pores are

determined by the following equation

.
d[ —(1 2)‘1}[ (9)
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Approximately analyzing,take

dr_
de

The magnitude of the stress wave in the fuel medium of the warhead is related to the overloading

1.5‘1}[

process,the particle acceleration of the interface between the fuel and the warhead case bottom is

launching acceleration on the stage of stress wave overloading

d?}[(fyl'o)
dr

—a (10
Where a is the warhead launching acceleration which is a constant approximately. ¢ can be calculated
out through the upper Egs. (9) and (10)
t=+/21/1.5a an
In general,the axial size of the warhead is much bigger than the radial size,so that the stress wave
formed during the launching process can be considered as one-dimensional. Therefore, there is
5 = e, (12)
Where &, =do;/dt . At the bottom of the warhead case,there is
&f =picia (13)
The acceleration a approximately is a constant during the launching process,and ¢; is also a constant
which can be seen from Eq. (13),therefore
=0t a4
When the pore is closed,s. can be calculated out through Egs. (11) and (14).
o.=pic/2la/1.5 (15)
The bigger the acceleration, the bigger the pressure in the compressed pore and the bigger the
pore size,the bigger the pressure in the compressed pore. The bigger pressure in the compressed pore,
will form the higher temperature during the compressed process,rising the problem of launching secu-
rity. It is more disadvantageous to launch in the safety,which can be known from Eq. (15). The pore
size is related to the charge technology and the mixed fuel components. The pore size is decided by the
solid grain size of the fuel components which cannot be bigger than the maximal size of the solid grain

under the condition of a good charge technology.
4 The Determinant of the Pore Size Engendering Explosion

Suppose p;=1430 kg/m*,c;=300 m/s,a=100 km/s”,/=70 pm, and we can get that o.=4 MPa
from Eq. (15). The corresponding temperature produced by adiabatic compress of the pores is 573 K,
which can be acquired from Table 1. There may be accidents of exploding ahead of schedule in launch-
ing of warhead if the spontaneous combustion temperature of the mixed fuel components is lower than
573 K.

Using the test system described as Fig. (3) to test the critical detonation temperature of the
mixed FAE fuel and getting the value of the critical detonation temperature is 483 K,according to the
value of the critical detonation temperature and the heightened value of the temperature coming from

the pores’ adiabatic compression,the fuel launching safety can be forecasted.
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Fig. 3 The device for checking critical detonation temperature of the fuel

S The Problem on Designing Parameters of the Launching Simulation Devices

For the sake of checking the warhead charge launching safety,launching experiment is done by
the simulation device which is beneficial to the safety and reduce the cost of the experiment. It is diffi-
cult for the simulation device to simulate to the practical launching device in the aspects of size and
physics process completely.

The aim of the simulation device is to examine the charge launching safety, so the simulation
device should have pertinent parameters to keep the checking effectiveness on the charge launching
safety.

The charge launching safety primarily lies on the charge mass and the charge physical flaws
(cracks,pores) which have vital influence on the launching safety. The charge physical flaws parame-
ters of the launching process should be paid particular attention while designing the launching simula-
tion device.

The parameters that influence the charge launching safety are acceleration, the propellant pressure
in the chamber and the time of the overloading. The stress in the bottom of charge in the warhead case
will be caused by the overloading acceleration. The propellant pressure in the chamber influences not
only on the overloading acceleration but also on the magnitude of the stress wave in the mixed fuel of
the warhead under the condition of a given warhead mass. The influence of the overloading time on the
charge launching safety has been realized, but there has been no quantitative research available until
now.

There can’t be cracks in the filling process because the fuel is solid-liquid mixed, so the pores is
the sole flaw for the mixed fuel charge. From that we know the launching overloading simulation de-
vices should satisfy for the minimal overloading time that can be acquired from the Eq. (11). The min-
imal overloading time is decided by the size of the charge pores and the overloading acceleration.

Suppose [ =70 pm,a =100 km/s’, the minimal overloading time can be calculated out from
Eq. (11):t=2.3 ps. In order to keep the feasibility of the simulation device checking the warhead
charge safety the simulation device overloading acceleration time should not be less than 2. 3 ps, which

is easily to be satisfied.
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6 Conclusions

The pore size of the mixed fuel medium in the warhead case plays an important role on the charge

launching safety. The FAE weapon is usually filled by solid-liquid mixed fuel, which has big different

from the traditional solid explosives on the physical and mechanical properties. The pores’ size and

their distributing state are completely different from the traditional solid explosives either. Therefore,

the theories calculating mechanical action of the launching process for the mixed fuel can not be sub-

stituted by that of the traditional solid explosive. The determinant rules of explosion ahead of schedule

have been founded through analyzing pores compressing physical process among the mixed fuel in this

paper. The theoretical foundation for the designing of the FAE fuel components and the methods for

determining the FAE weapons’ launching safety are also provided in this study.

References:

[1]

2]

[3]

(4]

[5]

(6]

[7]

(8]

(9]

(10]

Xu G G,Zhang ] Y,Huang Z P. Effects of Porsity and Mechanic Properties of Explosive Charges Launching Safety
[A]. Proceeding of the 1996 Autumn Seminar on Propellants, Explosives and Pyrotechnics [ C]. Mianyang: China
Academy of Engineering Physics,1996. 400.

Zhou P Y.Xu G G,Wang Y Z. The Experimental Investigation about the Dynamic Response in the Backward Shock
of the Explosive Charge [J]. Journal of Beijing Institute Technology,1999,19(s1):92—94, (in Chinese)

JRRE B ARG AT KE 2G4 25 7R 5 A i R ARG S A g B S 3G 5 [T, b at B TR AR AR R 1999, 19 (s D)
92—94.

Huang Z P, Zhang J Y,Zhang H P,et al. New Criterion of Explosive Charge Launching Safety [J]. Acta Armamen-
tarii, 1994,8(3) :13—17. (in Chinese)

BRI 2 TRDURE L A5 JE 25 25 R O e e I (U], JR T AR 4R . 1994,8(3) 13— 17.

Wang S P. The Investigation on Size Effect of Explosive under the Effect of Impact [ J]. Chinese Journal of Explo-
sive & Propellants,2000,23(3):18—20. (in Chinese)

B A R R 2 B RS BOM T [T ], M2y 4R, 2000, 23(3) : 18— 20.

Xiao Z Z,Tian Q Z. The Experimental Investigation in Water on the Bottom Pores of Comb-B [J]. Explosion and
Shock Wave,1995,15(2) :141—146. (in Chinese)

AR I . B AR 2GR B i K e B 7T [0 ], 484 5 ph i 1995, 15 (2) 141 — 146,

Liu P D,Zhao Z H,Fan S Y. Probe into Launching Safety of Explosive Charge [J]. Acta Armamentari,1994,5(1):
44—48. (in Chinese)

X RGAE ROH AR VE AR . KR 2R % SRR DT ()], 5= TR (AL T4 ,1994,5(1) 144 —48.

Zhang G R. Study on Initiation of Detonation [J]. Explosion and Shock Wave,1989,9(2) :184—190. (in Chinese)
FOE N JERBHLBIT S [T, B0 5 il ,1989,9(2) . 184 —190.

Han X P,Zhang Y C,Shen Y P, et al. Study on Microcosmic Mechanism Forming Adiabatic Sheara Area []].
Chinese Journal of Explosives and Propellants,1997.,19(2) :4—6. (in Chinese)

HNT SR IT b PRI L AL B K2 b 2 g U1 TR UL A A A (D], KRR, 1997.19(2) 14 —6.
Maers T F, Hershkowitz J. The Effect of Base Gaps on Setback-Shock Sensitivities of Cast Composition B and
TNT as Determined by the NSWC Setback-Shock Simulator [AJ. Jacob S J. 7th Symposium (International) on
Detonation [C]. Maryland (USA) : Navel Surface Wepons Center,1981. 914—923.

Starkenberg J. Ignition of Solid High Explosive by the Rapid Compression of an Adjacent Gas Layer [ A]. Jacob S



%03 ZHANG Qi,et al: Adiabatic Compression of Pores in Mixed Fuel Medium During Launching 243

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

J. 7th Symposium (International) on Detonation [CJ. Maryland (USA) : Navel Surface Wepons Center,1981. 6.
Frey R B. The Initiation of Explosive Charge by Rapid Shear [ A]. Jacob S J. 7th Symposium (International) on
Detonation [ C]J. Maryland (USA) : Navel Surface Wepons Center,1981. 36 —42.

Frey R B. Cavity Collapse in Energetic Materials [ A]. Lee E L,Short ] M. 9th Symposium (International) on Deto-
nation [ CJ. Portland, Oregon: Navel Surface Wepons Center,1989. 68— 80.

Lynch J C,Brannon J M, Delfino J J. Dissolution Rates of Three High Explosive Compounds: TNT,RDX and HMX
[M]. CHEMSPHERE 4085,2002. 1—9.

Ramsay J B,Richter H P,Bernecker R R. Comparison of Damage-Created Voids with Other Voids Types in Ener-
getic Materials [A]. Morat W J, Short ] M, Tasker D G. 10th Symposium (International) on Detonation [C]. Bos-
ton, Massachusetts: Navel Surface Wepons Center,1993. 802—807.

Richter H P,Boyer L R,Graham K J,et al. Shock Sensitivity of Damaged Energetic Materials [A]. Lee E L, Short
J M. 9th Symposium (International) on Detonation [ C]. Portland, Oregon: Navel Surface Wepons Center, 1989.
1295—1300.

Bernecker R R,Clairmont A R Jr. Shock Initiation Studies of Cast,Damaged and Granulated PBXS [ A]. Morat W
J, Short J] M, Tasker D G. 10th Symposium (International) on Detonation [ C]J. Boston, Massachusetts: Navel Sur-
face Wepons Center,1993. 499 —506.

Demol G,Lambert P, Trumel H A. Study of the Microstructure of Pressed TATB and Its Evolution after Several
Kinds of Solicitations [ A]. Short ] M, Kennedy J E. 11th Symposium (International) on Detonation [ CJ. Snow-
mass: Navel Surface Wepons Center,1998. 404 —408.

Wiegand D A. Mechanical Properties and Mechanical Failure of Composite Plastic Bonded Explosive and Other En-
ergetic Materials [ A]. Short ] M, Kennedy ] E. 11th Symposium (International) on Detonation [ C]J. Snowmass:
Navel Surface Wepons Center,1998. 85—88.

Yvonne M, Lanzerotti D, Pinto J. Fracture Surface Topography of TNT,Composition B and Octol [A]. Morat W J,
Short J] M, Tasker D G. 10th Symposium (International) on Detonation [ C]. Boston, Massachusetts: Navel Surface
Wepons Center,1993. 190—198.

Gray G T [ ,1dar D J,Blumenthal W R,et al. High-and Low-Strain Rate Compression Properties of Several Ener-
getic Material Composites as a Function of Strain Rate and Temperature [ A]. Short ] M,Kennedy ] E. 11th Sym-
posium (International) on Detonation [ C]J. Snowmass: Navel Surface Wepons Center,1998. 229 —331.

Field ] E,Parry M A, Palmer S J P,et al. Deformation and Explosive Properties of HMX Powders and Polymer
Bonded Explosive [A]. Lee E L,Short J] M. 9th Symposium (International) on Detonation [ C]. Portland, Oregon:
Navel Surface Wepons Center,1989. 886 —896.

Baer M R,Kipp M E,Swol F. Micro-Mechanical Modeling of Heterogeneous Energetic Materials [ A]. Short ] M,
Kennedy ] E. 11th Symposium (International) on Detonation [ C]. Snowmass: Navel Surface Wepons Center,1998.
65—66.

Wiegand D A,Pinto J,Nicolaids S. The Mechanical Response of TNT and a Composite, Composition B,of TNT and
RDX to Compressive Stress, | :Uniaixal Stress and Fracture [J]. ] Energetic Materials,1991,9:19—380.

Pinto J,Wiegand D A. The Mechanical Response of TNT and a Composite, Composition B,of TNT and RDX to
Compressive Stress, || : Triaixal Stress and Yield [J]. ] Energetic Materials,1991,9:205—263.

Wiegand D A,Pinto J,Nicolaids S. The Mechanical Response of TNT and a Composite, Composition B,of TNT and
RDX to Compressive Stress, [ll : Dependence on Processing and Composition [ J]. ] Energetic Materials,1991,9(5):
349—414.

Incropera F P, Dewitt D P . The Elementary Principle about Heat Conduction (Translated by GE Xin-Shi, Wang
Yi-Fang,Guo Kuan-Liang) [ M]. Hefei: Anhui Education Publishing Company,1985. 432, (in Chinese)

[ 36 I3 oo & Il ) , U A% FA Y AR I B A £ U7, 598 R 18 (M. G I8 - L 808 a 1 Wkt , 1985, 432,



I
=
&

244 H i %18 &

g3

R ITERREERENRA
FLER By & 74 % 47

Kow.ARL. AR E R KE,
FARMEH

IO B T2 B R 9 E 5 U 2 [ X 2R %, b3 100081)

BE: RBZAELRER I HRANT RN — ﬁx:z[ﬁ&zfé/\ s B R A RN
HeerALR ABRREMAAHZLHAEREY W, B30 I8 E % 40 8 T2 0y 326 247,
FRIALBREA B AR LS T2 EEE N, %1T#HFQ’J%J R %0 ) R ST A 2
REMBNPALRBRE LBRENERFBEZAWEEXR FRE T AHAEI R E R I L
FZREIHBARGRBEHNARSE  AHMN N R ITKE, BRESBRBN R ARG RE
HAEEHEFEMBESR I RE /AR, WREVILROEEN 70 pm, £ R4
HAnEE R 100 km/S" W HERA T, ALRES = £ mEmRE A 573K, FZEE ERREHA
B AZHIERBER TR R THAR SN AL AT R LR PR Z 2%,

KB : BB Z AN KR AN B 5,
HESES: ()389;TQ564.4 MERARIREG: A

(BEMEFEWMEITEE

e TR 0y 32 ) 2 3 ) iy T ) B UM — 1) R b M 2 R PN TE R N AN A TT R AT o (i TR B4 400D g 3R B i 4 18
o R Ay 3 A R At S R FH R Y 5 LA BB M LR KT A T SO T SRR L B X R O E AR TR
o TR 0 32 4 ) T 280 PN 2 O ) 2 R A 8 TR B N T8 OB B R T L v T R MR Y g 2 G L R T S R L )
TR S5 48 B I 50, 3 25 R 2 v FR AR 58 v i I 3B R L o dR o R R AR S S TR R A T /R A

F 1987 4RA T LIk , € R 32 400 S T 8RB B . 2001 47, (55 R 400 3 2 4 ) e Bk 5 30 R0 ) 5 3 10 o R
Tk < o [ 309 T 7 B " RO ) . PR R AR RS “El Compendex” Fl“CA” — B IR (R R L 24 400 S, Eiajl:)]'ffE]
152 I A3 47 300 ) A A 9 2 AR A e A 2 A A0 0 8 104 ¢ SO0 3 T B B D 8 DU AT R BT 4R D B S W 3 2
0 B R AL R 2 Hh R, 1992 4F 11996 4F L2000 4F 2004 4F) o 4 i BB 2% 5| SCEUR 4 A A 192000 iFQﬂl']l_l?Ei,ﬁ:
i E R T 300 A HEATRS” BoR L GR R B RO SE M R T2 0. 3627, 2 EHEA S 94 4 FIWEIRIATIN 3 4.

(B FE Y ) g =), R 16 FFA (AL 4 3.6.9.12 4 5 H I RT. B N 3% 7T B8 7E 24 Mo i )= 3T 1 L B & 1%
5 :62—132; BUBE I 1) S 4R AR T 1

Hh Bk D) AR BE T 919 (54 110 43 A8 < B A 35 4 ) S 80, R B4 5 621900

L F B4 . gaoya@caep. ac. cn; gywl@ chinajournal. net. en (fiIE 3T #Fd L & D)

M 35 (081602490042 ;% F: (0816)2282695

MEA AR S . 62— 1325 A .10 JT/A, 40 JO/4F,

(o W B2 4 ) G 6



